
(51) International Patent Classification o : 
G02B 6/132, C23C 16/40, 16/50 



Al 



AU9667830 

(XI) international Publication Nun^ber: WO 97/09645 

(43) international Publication Date: 13 March 1997 (13.03.97)_ 



(21) International Application Number: 



PCT/AU96/00563 



(22) International Filing Date: 



6 September 1996 (06,09.96) 



(30) Priority Data: 

PN 5268 



7 September 1995 (07.09.95) 



AU 



r7n Annlicant (for all designated States except US): UNISEARCH 
Street & Wcntworth Street, Randwick. NSW 2031 (AU). 

(72) Inventors; and rrc Wvl- BAZYLENKO, Michael. 

(75) Inventors/Applicants (for US only). mcw 9024 

V [AU/AUl; 5/386 Bronte Road, Waverley, NSW 2024 
(AU) MOSS David [AU/AU]; 14 Paling Road, LdyHeld 
NSW 2040 (AU). GROSS. Mark [AU/AU]; ^ "^P^^^^^ 
Seaforth NSW 2092 (AU). CHU. Pak, Lim [AU/AU], Ul 
BMl Road. Bardwell Park, NSW 2207 (AU). 

(74) Agent: GRIFFITH HACK; G.P.O, Box 4164, Sydney, NSW 
2001 (AU). 



^ . A Cf^ioc. AT AM AT AU. A2, BB, BG, BR. BY. 

■ IL IS JP ^ KG. KP. KR, K2. LC. LK. LR. LS. LT. 
U LV MD MG, MK. MN. MW, MX, NO. NZ, PL. PT. 
ko RU SD SE. SG. SI. SK. TJ, TM, "ni, Tl^ UA. UG. 
m UZ VN ARIPO patent (KE, LS, MW. SD. SZ. UG). 
Eu«S pat.'nt (AM. AZ. BY KG KZ MD RU T^TM^ 
European patent (AT. BE. CH. DE, DK. ES. Fl. FR GB 
GR IE IT LU MC. NL, PT, SE). OAPl patent (BF, BJ, 
CT CG CI CM GA. GN, ML. MR. NE. SN. TD, TG). 



Published 

With international search report. 



(54) TiUe: A METHOD AND APPARATUS FOR THE 
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vapour DcposiUon (PECVD) system. The deposition .s utilised to vary 
subject to Ultra Violet (UV) post processing. 



wo 97/09645 



PCT/AU96/00563 



10 



15 



20 



25 



35 



a M^nhod apH Annaranu ^ the Construction 

nf Photosensitive ^ Waveguides 

g-or^Vini r-al Field 

The present invention relates to improvements m the 
control of refractive index of films on substrates, and, 
more particularly, to a method, apparatus and me^ns of 
fabrication of photosensitive germanium- doped silxca 
films which change their refractive index upon UV 
irradiation. 

Even more particularly :the present invention also 
relates to the fabrication of photosensitive Germanium- 
doped silica files using plasma enhanced chemxcal vapour 
deposition (PECVD) . 

Background Art 

Photosensitivity in germanosilicate optical - fibres 
was first observed over 15 years ago. However it was the 
demonstration UV-written gratings which revived interest 
in this area. This was followed by writing reflection 
gratings in the telecommunications window of 1550 nm. 
These results have stimulated major activity worldwide xn 
this area because such grating devices have a potential 
major impact on future telecommunications systems. 

By coupling UV photosensitivity with planar silica 
waveguide technology, a very wide range of devices 
becomes possible and a high degree of integration can be 
achieved, bringing the benefits of device stability and 
compactness not available in fibres . 

However, prior known germanium doped planar 
structures have been formed by flame hydrolysis and need 
3 0 to be hydrogen loaded for up to 2 weeks to become 
reasonably photosensitive. The hydrogen loading 

introduces unwanted side effects, such as transient 
behaviour due to gas out diffusion and increased 
absorption at 1.5Mm. An alternative deposition 

technique, which is able to produce photosensitive films 
without hydrogen loading, is > Plasma Enhanced Chemical 
VaDOur Deposition (PECVD) . A UV-induced positive 

reiractive index change of 0.0025 has been reported for 



wo 97/09645 



PCTyAU96/00563 



10 



^ PFrvn silica films without utilising 

germanium-doped PECVD sixicd 

hydrogen loading. These "positive" photosensitive Ge- 
doped f 3.1ms, however, are deposited by standard hxgh 
pressure (>50Pa) PECVD and suffer from a high scattering 
loss, which makes this material less suitable for the 
fabrication of planar waveguide devices. 

There is therefore a general need for an improved 
form of silica waveguide which does not suffer, to the 
same degree, the aforementioned problems. 
T^^or^lo^nre of ^>^'" TnvRntion 

in accordance with a first aspect of the present 
invention there is provided a method of fabricating a 
photosensitive germanium-doped silica film of a wafer, 
substrate or the like which is adapted to change xts 

^r.r\P^ ur)on UV . irradiation said method 
15 refractive maex upuii wv 

• ^r.rr T.1 asma enhanced chemical vapour deposition 
comprising plasma eij.iia.ii.v-.^ 

(PECVD) of the film. 

Preferably the PECVD process is operated so as to 
control the structure of said film and to produce a film 
which is adopted to increase its refractive index upon UV 
irradiation. Alternatively, PECVD process is controlled 
so as to produce a film which is adopted to decrease its 
refractive index upon UV irradiation. 

The PECVD should be carried out with the level ot 
ion bombardment on the film surface during the deposition 
necessary for the formation of non-porous silica. The 
value of the change in refractive index can be adjusted 
by sepaxal:ely or simultaneously varying the level of ion 
bombardment and/or the temperature of the wafer, 
substrate or the like or the level of dopants. 

GeH4 can be used as source material for germanium 
doping and preferably the PECVD process is carried out in 
a high plasma density hollow cathode deposition system 
comprising two opposing RF powered electrodes whrch 
operate to produce a high density plasma between them due 
to an "electron mirror" effect. The electrode opposing 
the wafer holding electrode can be partly screed to 
produce advantageous effects. The wafer holding 
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eleccrode can be partly screened with a thin solid round 
plate having a diameter less than the diameter of the 
electrode and placed parallel to it and separated from it 
by a distance smaller than half of the inter-electrode 
5 distance . 

In a second aspect of the present invention there is 
provided a photosensitive germanium-doped silica film on 
a wafer, substrate or the like which is adapted to change 
its refractive index upon UV irradiation, said film 
10 formed by plasma enhanced chemical vapour deposition 
(PECVD) of the film. 

Preferably the PECVD process is operated so as to 
control the structure of said film and to produce either 
an increase or decrease in refractive meter upon UV 

15 irradiation. 

The PECVD process is preferably carried out winh the 
level of ion bombardment on the film surface during the 
deposition necessary for the formation of non-porous 
silica and the value of the change in refractive index is 

20 adjusted by separately or simultaneously varying the 
level of ion bombardment and/or the temperature of said 
wafer, substrate or the like or - additionally varying the 
level of germanium doping. 

Preferably GbR^ is used : as source material for 

2 5 germanium doping. 

.The PECVD process can be carried out in a high 
plasma density hollow cathode deposition system 
comprising two opposing RF powered electrodes which 
operate to produce a high density plasma between them due 
30 to an "electron mirror" effect. One electrode can be 
partially screened to produce advantageous effects. 

The partial screening can be done with a thin solid 
round plate having a diameter less than the diameter of 
the electrode and placed parallel to it and separated 
35 from it by a distance smaller than half of the inter- 
electrode distance. 

In yet another aspect of the invention there is 
provided a method of forming an optical signal processing 
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element on a subscrate according to the method described 
above . 

in accordance with a further aspect of the present 
invention there is provided a method of fabricating a 
5 photosensitive germanium doped silica film on a substrate 
the film adapted to change its refractive index upon UV 
irradiation, the method comprising utilising a plasma 
enhanced chemical vapour deposition (PECVD) of said fxlm 
utilising a level of bombardment of the substrate surface 
10 sufficient to cause the formatipn of substantially non- 

porous silica. 

in accordance with a further aspect of the present 
invention there is provided a method of fabricating a 
photosensitive germanium doped silica film on a substrate 
15 which is adapted to change its refractive index upon UV 
radiation, said method comprising plasma enhancea 
chemical vapour deposition (PECVD) of said film utilising 
a hollow cathode deposition system. 

Preferably, the degree of change in refractive index 
20 is determined by varying one or more of: 

(a) the level of germanium doping 

(b) the level of ion bombardment of said substrate 

(c) the degree of UV irradiation of said substrate 
The invention also has application in changing the 

refractive index in respect of one birefringent axis with 
respect to a second birefringent axis. 

in accordance with a further aspect of the present 
invention there is provided., an optical waveguide 
comprising a photosensitive germanium doped silica film 
substrate, said waveguide adapted to change its 
refractive index upon UV irradiation, said film being 
formed from substantially non-porous deposition of said 
film The deposition can be via plasma enhanced 

deposition of said film utilising a hollow cathode 
3 5 deposition system and the degree of change m the 
refractive index is determined by variation of one or 
more of : 

I (a) the level of germanium doping 
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(b) the degree of UV irradiation of said 
substrate. 

p-r-if^f Descript-ion of t-hp nrawinas 

Notwithstanding any other forms which may fall 
5 within the scope of the present invention, preferred 
forms of the invention will now be described, by way of 
example only, with reference to the accompanying drawings 
in which: 

Fig. 1 is a side section schematic view of a chamber 
10 suitable' for performing PECVD according to embodiments of 

the invention; 

Fig. 2 illustrates a graph of Ge content against RF 
power for devices manufactured according to embodiments 

of the invention; 
15 Fig. 3 illustrates a graph of refractive index as a 

function of RF power for devices manufactUTred according 
to embodiments of the invention; 

Fig. 4 illustrates a graph of change in refractive 
index for varying levels of RF power for samples 
20 constructed in accordance with the present inventron; 

Fig. 5 illustrates a graph of the measured P-etch 
rate for samples constructed in accordance wih the 

present invention; 

Fig. 6 illustrates a schematic cross section of the 
25 construction of an alternative embodiment of the present 
invention ; 

Figs. 7a and 7b illustrate graphs of change in 
refractive index for various levels of luminance for an 
alternative embodiment; and 
30 Fig 8 illustrates a graph of relative birefringence 

for various levels of fluence for an alterntive 
embodiment of the present invention. 
Mode for rarrvinq out the Invention 

A first embodiment of the present invention relies 
35 upon the utilisation of plasma enhanced chemical vapour 

deposition (PECVD) . 

With reference to Fig. 1 there is shown a vacuum 
chamber assembly 10 including a top electrode 11 and a 
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bottom electrode 12 connected as shown to RF source 13 
which comprised a 13.56 MHz RF source. In use for the 
purposes PECVD, the chamber 14 is evacuated via pump port 

15 and gases such as oxygen 16, silane and germane 17 are 
5 introduced via corresponding ports so as to cause 

controlled deposition on wafers or substrates located in 

the RF field induced plasma located between electrodes 

11, 12. 

in this instance a first wafer (Wl) 18 is mounted on 
10 top electrode 11 so as to be at a target potential. 

In alternative experiments a second wafer 19, 
denoted W2 , was also mounted near to but spaced apart 
from bottom electrode 12. The spacing can be performed 
by ceramic supports 20 so as to electrically isolate 

15 wafer 19. 

Subsequent utilisation of ' the PECVD process in the 
example hereinafter disclosed resulted in the substrates 
19,20 coated with a germanium doped silica film. 
Examples which are described in more detail below of 
20 germanium doped silicon films produced by the PECVD 
process under the conditions specified resulted in the 
refractive index of the films being selectively 
controlled by irradiation (typically with a laser) by UV 
radiation. Conditions can therefore be utilised to 
25 produce controlled changes in refractive index of an 
irradiated portion of a wafer relative to the non- 
irradiated portions of the wafer. Particular examples of 
this behaviour will not be described in more detail. 

In a first example, Ge-doped silica films were 
30 deposited on 2 inch diameter silicon substrates utilising 
a high plasma density hollow cathode reactor from 
mixtures of silane (SiH4) , germane (GeH4) and oxygen. A 
suitable dual opposing target hollow cathode reactor was 
constructed in accordance with the known design as 
35 described in: "Hollow Cathode Etching and Deposition", 
Journal of Vacuum Science and Technology. 1988, A6 at 

pages 1837-1844. 

A series of deposition runs, with varying RF power 
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densities, were carried out at a process pressure of 2Pa 
and a GeH4 flow rate of 6 seem. The SiH4 flow rate ' was 
fixed at 20 seem and the O2 flow rate was determined to 
give a SiH4/02 ratio of approximately 6. No electrode 
5 cooling was used. In most of the deposition runs the 
film was deposited on one wafer 18 clamped in the "face 
down" position to the top electrode. In one run, 
however, two wafers were deposited simultaneously. The 
first wafer wl 18, was clamped to the top electrode in 
10 the norraal manner, while the second wafer w2 19, was 
placed on the bottom electrode, but supported slightly 
above it on three small ceramic spacers e.g. 20. The 
purpose of the spacers was to reduce the level of ion 
bombardment on water w2 by reducing its voltage from the 
15 bias voltage of the electrode 12 to a potential close to 
the floating potential of the RF plasma glow. The 
reduction of ion bombardment is believed to result in 
increased porosity in the films thereby increasing 
scattering losses. In practice it was found that the 
20 presence of wafer w2 20 also altered the deposition 
conditions of wafer wl 18 so that the film properties of 
wl, with and without wafer w2 were observably different. 

The OH content and bond structure of the deposited 
films were determined by Fourier Transform Infrared 

2 5 Spectroscopy (FTIR) , and the Ge content by Wavelength 

Dispersive X-ray Spectroscopy (WDS) . The degree of the 
film porosity was estimated by measuring its etching rate 
in standard " P-solution" . The film stress was also 
calculated from the substrate curvature, as measured by 

3 0 stylus prof ilometry , 

In initial experiments, the deposited films were 
subsequently UV exposed using a 193 nm excimer laser with 
a fluence of 10 kJ/cm^. The film refractive index, both 
before and after UV exposure, was measured using the 
3 5 known prism coupling technique at 63 3 nm wavelength with 
measurement repeatability within ±0.00015. 

Referring now to Fig. 2, there is shown the Ge 
I content in example films utilised, as a function of the 
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RF power level. The poincs 30, 31 and 32 represent! 
values measured for a system 10 utilising a single wafer 
18 and no secondary wafer 19 and RF power values of 3 00, 
450 and 600 watts respectively. The points 35 and 36 
5 represent values measured for a dual wafer system at 600 
watts where point 3 5 represents the measured value for 
wafer wl 13 and the point 36 represents the measured 
value for the wafer w2 19. It can be seen that both the 
Ge was found to decrease with power for the single wafer 
10 deposition. In the case of dual wafers wl and w2 , the Ge 
content of each wafer was found to be about the same but 
it was found to be approximately 4 times higher then the 
case of single wafer deposition at the same power. 

Fig. 3 shows the measured film refractive index as a 
15 function of RF power. The points marked 30-36 represent 
the data for the two wafers wl and w2 as described 
previously. The results for the single wafer case 30-32 
show the refractive index decreasing with power. Also, 
for the same power level of 6 DOW, the refractive indices 
2 0 in the dual wafer case of both wl 35 and w2 3 6 are higher 
than the case of one wafer deposition 32. The change in 
refractive index after UV irradiation is shown in Fig. 4. 
Both increases 3 6 and decreases 3 5 in refractive index 
are observed for the two wafer case. Those samples wl 3 5 
25 placed directly on the electrodes, and thus subjected to 
ion bombardment during deposition, exhibited a negative 
refractive index change. It was found that the 

refractive index decrease for wl 3 5 (deposited 
simultaneously with w2 36) was of the order of -0.006. 
3 0 At the same time w2 36, which was separated from the 
electrode and was receiving decreased ion bombardment, 
exhibited a positive refractive index change after UV 
irradiation. 

Subsequent scanning electron microscope (SEM) 
35 analysis of the silica surface of the wafers, wl, w2 after 
etching in standard P-solution (HF (60%) :HN03 (70%) . 3OH2O) 
for samples deposited in the presence of, and in the 
I absence of. ion bombardment respectively, showed a marked 
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roughness of wafer sample surface for the wafer w2 not 
subjected to substantial ion bombardment. The roughness 
being consistent with the P-etch rate being approximately 
four times higher for the wafer w2 in comparison with the 
5 wafer wl . This is consistent with the wafers w2 , 

deposited without ion bombardment, having a significantly 
higher degree of porosity. 

In Fig- 5 there is illustrated a graph of the 
measured P-etch rate for the various samples 30-36. The 
10 measured results were found to confirm the above 
comments . 

Further experiments were then carried out. In a 
second series of experiments, wafers were initially 
constructed in accordance with the cross section 40 as 

15 illustrated in Fig. 6 with the silica wafer 41 first 
having a 10 ^m layer of Si02 42 laid down as an undoped 
silica buffer layer. Once layer 42 is prepared, a 3 
Ge doped silica layer 43 was subsequently formed in 
accordance with the aforementioned technique. In a first 

20 series of experiments, the Ge02 content was controlled to 
be 15 mol. % and in a second series of experiments, the 
Ge02 content was found to be, 25 mol. %. The samples were 
then UV irradiated at various levels and the results 
plotted. The UV light energy density projected on the 

25 surface was normally kept at 0-33 watts per cm^ for all 

exposures except one exposure where it was increased to 

2 

1.4 watts per cm^. 

Referring now to Fig. 7a, there is illustrated the 
consequential change in UV induced refractive index for 

3 0 various levels of accumulative fluence (kJ per cm^) for 
the case of 25 mol. % of Ge02 . All measurements were 
taken utilising an energy density of exposure of 0.33 
watts per cm^^ for all exposures except for the exposure 
50. It can be noted from Fig. 7a that the change m 

3 5 refractive index was found to vary with the cumulative 
fluence from initial positive value to negative values as 
indicated. 

1 Referring now to Fig. 7b, there is illustrated the 
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15 mol. % of Ge02 case for various cumulative fluences. 
It can be seen in comparing Figs. 7a and 7b that the 
levels of refractive index change exhibit a dependence on 
the level of Ge02 in the sample. Again, the point 51 of 
5 Fig. 7b was derived from a UV light energy density of 1 . 4 

/ 2 
watts/cm . 

Fig. 7a and 7b illustrate that the absolute value of 
the refractive index change is dependent on the total 
fluence in addition to the UV power density. Further, 
10 larger refractive index changes have been observed for 
the higher Ge content sample thus implying its higher 
photosensitivity compared to the lower Ge content sample. 
Photosensitivity further appears to increase wxth Ge 
content. . 

The results of Fig. 7a and Fig. 7b were obtained for 
TE polarised light injected into the waveguide. The TE 
polarised light is where the electric field vector .s 
parallel to the substrate. In Fig. 8, there xs 

illustrated the birefringence, being the difference 
between the refractive indices for TE and TM polarised 
light, with the TM electric filed vector bexng 
perpendicular to the substrate, as a function of fluence. 
The measured results comprising curve 60 being measured 
for a wafer having 25 mol. % GeO^ and the curve 61 
25 representing those values measured for a wafer having 15 
mol. % GeOj. It can be seen that the birefringence was 
found to vary both with the cumulative fluence and the 
degree of concentration of Ge02. 

in general, it is thought that the increase in RF 
3 0 power coupled into the discharge leads to an increase in 
both the wafer temperature and the level of xon 
bombardment on the film surface, due to the increase m 
both ion flux and average energy of ions impinging on the 
surface. Further, a simultaneous increase in the 

35 temperature of the wafer and the level of ion bombardment 
on the film surface causes a decrease in both the Ge 
content (and hence refractive index) and the OH content. 

It would be appreciated by a person skilled in the 
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arc that numerous variations and/or modifications may be 
made to the present invention as shown in the specific 
embodiments without departing from the spirit or scope of 
the invention as broadly described. The methods 

presented can readily be utilised in the construction of 
waveguide structures having predetermined refractive 
index profiles in accordance with requirement. The 
present embodiments are, therefore, to be considered in 
all respects to be illustrative and not restrictive. 
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^^^^ R method of fabricating a photosensitive 

germanium-doped silica f Um on a wafer, substrate or the 
Il^e which IS adapted to change its refractive .ndex upon 
S UV irradiation said method comprising plasma enhanced 
Chemical vapour deposition (PECVD) of the f rim whrch ^ 
operated to control the magnitude and sxgn of the UV 
induced refractive index change of the frlm. 

2 The method of claim 1 wherern the PCCVD 
,0 process is operated so as to control the structure of sa.d 

film so as to ^'^°^-^iy''^ZZ\^Tl.llT2 wherein the 

3 The method of claxm 1 or cx^xiu 

PECVB process Is controlled so as to produce a film which 
is adapted to increase its refractive index upon UV 
,S irradiation. ^^^^^^ ^^^^^ ^ ^^^^^ ^ 

t-v-^n^H so as to produce a film which 
PECVD process xs controlled so as y 

is adapted to decrease its refractive index upon UV 
irradiation. ^^^^^^ ^^^^^^^^ ^^^^^ 

^° „^ 4-v,= lovol of ion bombardment on 

PECVD is carried out with the level of ro 

the film surface during the deposition necessary for 

formation of non-porous silica. previous 
6 The method in accordance with any previo 

olaim Wherein the value of the change in ^^^^J^ 
is adjusted by separately or simultaneously varying the 
level of ion bom^=ardment and/or the temperature of said 

wafer, substrate or the like. ^ previous 

^ The method in accordance with any pre 

Claim wherein GeH. is used as source material for germanium 

^°^'"e' The method in accordance with any previous 

• pprvn orocess is carried out in a high 

T"" Te::i:y "l low ™athod" deposition system comprising 
plasma aensiT-y iio^x^w ... i.^ t-o. r^mduce 

e^n« RF powered electrodes which operate to produce 
two opposing Rt powereu ^ t-^ ^r, "electron 

a high density plasma between them due to an 

mirror" effect^^ ^^^^^^ ...ordance with any previous 
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claim wherein the electrode opposing the wafer holding 
electrode is partly screened. 

10. The method of claim 9 wherein said wafer 
holding electrode is partly screened with a thin solid 
round plate having a diameter less than the diameter of the 
electrode and placed parallel to it and separated from it 
by a distance smaller than half of the inter-electrode 
distance . 

11. A photosensitive germanium-doped silxca film 
on a wafer, substrate or the like which is adapted to 
change its refractive index upon UV irradiation, said fxlm 
being formed by plasma enhanced chemical vapour deposition 

(PECVD) of the film which is operated to control the 
magnitude and sign of the UV-induced refractive index 

change of the film. 

12 The film of claim 11 wherein the PECVD process 
is operated so as to control the structure of said film so 
as to form a film of non-porous silica. 

13 The film of claim 11 or claim 12 wherein the 
PECVD process is controlled so as to produce a film which 
is adapted to increase its refractive index upon UV 
irradiation. 

14 The film of any one of claims 11 to 13 wherexn 
the PECVD process is controlled so as to produce a fxlm 
which is adapted to decrease its refractive index upon UV 
irradiation, 

15 The film of any one of claims 11 to 14 wherein 
the PECVD process is carried out with the level of xon 
bombardment on the film surface during the deposition 
necessary for the formation of non-porous silica. 

16 The film of any one of claims 11 to 15 wherein 
the value of the change in refractive index is adjusted by 
separately or simultaneously varying the level of ion 
bombardment and/or the temperature of said wafer, substrate 
or the like. 

17. The film of any one of claims 11 to 16 wherein 
GeH, is used as source material for germanium doping. 

18. The film of any one of claims 11 to 17 wherein 

jl' AMENDED SHEET 
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the PECVI. process is carried out in a high plasma densxty 
hollow cathode deposition system comprising two opposing Rr 
powered electrodes which operate to produce a high densrty 
plasma between them due to an "electron mirror" effect 
. 19 The film of any one of claims 11 to 18 wherein 

+-v^^ w^^fpr hoidinq electrode is 
the electrode opposing the water noraxi y 

nartlv screened. . 

20 The film of claim 18 wherein said wafer 

holding' electrode is partly screened with a thin solid 
,0 round plate having a diameter less than the diameter of the 

^ ^ f-o i 1- and separated rrom lu 
electrode and placed parallel to it ana sep ^ ^ , 

-. -1 +-v,=.T^ half of the inter-electrode 
by a distance smaller than hair ot 

distance. . , ■ ->t 

21 A method of forming an optical signal 

T ^r.^ a siibstrate said method comprising 

1R processing element on a s\xut=v,i.a.^^ 

utilising the method of any one of claims 1 to 10 to form 
said optical signal processing element. 

22 An optical signal processing element formed on 
a substrate utilising the film of any of claims U to 20 

23 A method of fabricating a photosensitive 
germanium doped silica film on a, substrate which is adapted 
to change its refractive indeK upon UV "<^-"- "^"^ 
method comprising plasma enhanced chemical vapour 
deposition (PEc™, of said film utilising a hollow cathode 

26 deposition system which is operated to control the 
magnitude and sign of the W-induced refractive index 
change Of the^film^^^ ^^^^^^^ ^^^^^ ^ 

degree of change in refractive index is deteouined by 

30 varying one or more of: 

(a) the level of germanixom doping 

(b) the level of ion bombardment of said substrate 

(c) the degree of UV irradiation of said substrate. 

25 A method as claimed in any previous claim 23 

35 to 24 Wherein the PECVD plasma is created by two opposing 
RF powered electrodes which operate to produce a high 

density plasma between them. 

J A method as claimed in claim 25 wherein one of 
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.;.id electrodes is partially screened. 

27 ^ .ethod as clairued in claim 25 where.n sa.d 

substrate is substantially at the potential of a 
corresponding one of said electrodes. 

r A raethod as claimed in claim 25 wherexn sa.d 

substrate is substantially at the potential of said plasma 

Z A method as claimed in any precedxng claxm 23 

^ V, i<= in respect of one birefringent 

to 28 wherein said change is m respeci: 

axis with respect to a second birefringent axxs. 



10 30. 



An optical waveguide comprising 



• ^^r^oH .=:ilica film on a substrate, 
r^hotosensitive germanium doped silica 

photosensiui y ^ , a^-c- refractive index upon 

said waveguide adapted to change its retracti 
^irradiltion, said fil:a being formed via deposition which 
produces a substantially non-porous ^^^^ 

An optical waveguide as claimea m 
Wherein* said deposition is via plasma enhanced deposition 
of said film utilising a hollow cathode deposition system. 

32 An optical waveguide as claimed m claim 29 

Wherein* the degree of change in said refractive index is 
determined by variation of one or more of: 

(a) the level of germanium doping 

(b) the degree of UV irradiation of said 
substrate 

33 An optical waveguide as claimed in claim 

^■F f-hanae in refractive index is 
25 wherein the ^^^^^^ . J^^^f ,,,3, ,on bo 
determined by variation of the levei 

said substrate^ ^^^^^^^^ ^^^^^^^ 33 

..erein said change is in respect of one birefringent axis 
30 with respect to a second birefringent axxs. 
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